Objective: Wound complications (WCs) after lower extremity arterial surgery (LEAS) are common, resulting in readmissions and reinterventions. Whereas diabetes and obesity are known risk factors for WCs, gender-specific variability in body fat distribution (android vs gynoid) may drive differential risks of WCs after LEAS. We analyzed the independent and synergistic effects of gender and body mass index (BMI) on WCs.
Wound complications (WCs) after lower extremity arterial surgery (LEAS) are common. These complications include superficial and deep surgical site infections (SSIs), dehiscence, seromas, lymphoceles, and hematomas. The incidence of WCs after lower extremity bypass procedures ranges from 11% to 44%, depending on the series. [1] [2] [3] [4] This complication poses a critical problem as it leads to increased readmission and reintervention rates, driving increased overall health care expenditures. 5, 6 This problem is compounded by the increased scrutiny that outcome and quality measures face in the current health care arena. Health care institutions face serious financial penalties for such complications as well as their associated readmissions. 5 At the patient level, SSIs have also been shown to be negatively associated with pain scores and quality of life. 7 A number of factors are associated with increased risk of WCs and SSIs, including diabetes mellitus, active tobacco use, and obesity. 4, 8 Specifically, body mass index (BMI) has been investigated in this regard with equivocal results as an "obesity paradox," whereby being overweight can counterintuitively be protective of WCs, exists. 4, [9] [10] [11] [12] [13] Women also appear to be at an increased risk of WCs among other complications after vascular surgery; however, the interaction between BMI and gender is not well established. 4, 14 Body fat distribution (android vs gynoid), which is related to both gender and body weight, is arguably a more powerful estimator of morbidity than BMI and thus may drive differential risks of WCs. 15 Women may therefore carry an increased risk of WCs after LEAS because they are more likely than men to have an endomorph body habitus with a large hip to waist ratio and subcutaneous fat. As such, gender may compound the effects of BMI on WCs. The location of the incision is an additional factor that may interplay with gender, BMI, and body habitus. The purpose of this study was to analyze the independent and synergistic effects of gender and BMI on WCs after LEAS.
METHODS
This study is a retrospective review of prospectively collected data from a randomized, multicenter trial that assessed the incidence of WCs after the application of silver alginate dressings in elective LEAS. 3 From
October 2010 until September 2013, adult patients who were undergoing an elective operation for peripheral vascular disease that would require at least one incision below the inguinal canal were offered participation in the trial. 3 Of note, the results from that trial were neutral, namely, there was no difference between silver dressings and conventional dressings with regard to WCs, which permitted the entire cohort from that trial to be used as a pooled analysis for this study. Several demographic and preoperative metrics were collected, including age, gender, BMI, cardiovascular comorbidities, and indication for surgery. Specific operative variables included the surgical sites, type of material used for arterial reconstruction (autogenous, homograft, prosthetic), and estimated blood loss. In categorizing surgical site, groin refers to either direct femoral reconstruction (ie, endarterectomy) or femoral vessel exposure for an endovascular aneurysm repair (EVAR). Suprainguinal inflow refers to the groin incision that was necessary for an aortobifemoral, axillofemoral, or similar inflow operation. Postoperative complications were identified at various time points and included WCs, myocardial infarction, stroke, and the need for a WC-related readmission. WCs were defined as infectious (dehiscence, superficial SSI, or deep SSI) and noninfectious (hematoma, seroma, lymphocele).
Continuous variables were analyzed using Student ttest, and categorical variables were analyzed using twosided c 2 tests (Fisher exact test for cell counts <5). After selection of clinically meaningful variables, a multivariable logistic regression was created to identify independent predictors of WCs. Secondary analysis assessed the synergy of gender and body habitus as well as identified independent predictors of WCs for those patients who had groin-only incisions (includes the following surgical sites: groin, suprainguinal inflow, and femoral-femoral bypass). Statistical analysis was performed using Stata 14.1 software (StataCorp LP, College Station, Tex). The necessary Institutional Review Board approval was obtained for this study; informed consent of the patient was unnecessary for this retrospective study and thus not obtained.
RESULTS
During the trial period, 502 patients underwent elective LEAS that included at least one infrainguinal incision. The overall cohort was composed of primarily elderly (67. 6 Table I ).
Nearly half of the patients in the series had a lower extremity bypass procedure (n ¼ 239 [47.6%]), typically 
DISCUSSION
WCs after LEAS are common and can lead to surgical débridement, infection of prosthetic material grafts, and chronic wounds. [1] [2] [3] [4] 16 These issues increase length of stay, drive hospital readmissions, inflate health care expenditure, and decrease patient satisfaction. [5] [6] [7] 17 WCs are the most common reason for readmission after suprainguinal or infrainguinal revascularization with a cost of $30,000 per readmission, underscoring the critical importance of prevention and early detection of these complications. 18 A number of risk factors for WCs have been extensively studied in the surgical population, including body weight and gender. 1, 4 The extremes of BMI are certainly hazardous; however, there is some evidence that being overweight can actually be protective of WCs after vascular surgery, a finding coined the obesity paradox.
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Another risk factor for WCs that may capture components of both weight and gender is body fat distribution. 15 Men typically have an android stature, such that their body fat is distributed mostly in the torso, giving the term central obesity. In contrast, women typically have a gynoid habitus characterized by body fat mostly in their hips and thighs. To our knowledge, no study to date has tried to elucidate the interplay of body fat, gender, and hence body fat distribution on the incidence of WCs after LEAS. In our cohort, WCs developed in 38% of patients. Whereas this rate is somewhat higher than average, this finding may be a consequence of more comprehensive inclusion criteria for WCs as well as the strict monitoring associated with a clinical trial focused on WCs from which the data were extracted. Well-established risk factors were prevalent in the study population, namely, that nearly half of the patients studied had diabetes mellitus and approximately 33% were at either extreme of BMI (<18.5 or >30). In addition, 27% of patients had tissue loss at the time of presentation, a known predictor of WCs. 8 The majority of WCs developed within 4 weeks of the index operation and were likely to be infectious in etiology. Oftentimes, superficial infectious WCs can be treated successfully with antibiotics alone. 19 Our series corroborates this notion as only 12.2% of patients with WCs required a surgical débridement. Similar to previous reports, we found BMI to be an independent predictor of WCs after LEAS; those individuals with a BMI >35 were more than two times more likely to develop a WC compared with patients with a normal-range BMI. This observation is in line with Giles et al, who found that obesity increased the risk of SSI by 70%. 4 One explanation of this finding is that adipose tissue, with its relatively poor perfusion and decreased tissue oxygenation, is inherently set up for infection. In addition, operative procedures in obese patients are typically more challenging, leading to increased operative time and perhaps greater local trauma due to sustained retraction. 20 Some evidence also suggests that obese patients harbor a proinflammatory state due to altered levels of adiponectin and leptin, which is conducive to infection.
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Unlike Giles and Davenport, we did not identify an obesity paradox as there was no protective effect of being overweight in our cohort. 4, 11 Furthermore, being underweight, which can be a surrogate for malnutrition and chronic illness, did not increase the risk for development of a WC. Further to this point, we created a model analyzing the nonlinear distribution (U-shaped) of BMI, which did not reveal an increase in WCs (Supplementary Table, online only) . Despite our findings, we would agree with most that either extreme of BMI is deleterious. Our series was likely underpowered to identify such a finding because only 3.4% of patients were classified as underweight.
In analyzing patients with groin-only incisions, female gender was found to be a significant predictor of WCs but overall BMI was not. Women were more than twice as likely to incur a WC, which may be related to differences in hormone levels or native skin flora. 22 A more likely explanation pertains to how body fat distribution affects an incision that is located over the hips. As such, a gynoid habitus with its relatively increased amount of subcutaneous fat located at the hips, as opposed to generalized body fat, would predispose to WCs in the groin. Our results suggest that because female gender but not BMI was an independent predictor of WCs after a groin-only incision. Few reports have analyzed the effect of body habitus on various surgical outcomes. Central obesity (android shape), as measured by the degree of retrorenal visceral fat, was associated with pancreatic fistulas and WCs after pancreaticoduodenectomy. 23 Similarly, an android habitus, determined by a waist to hip ratio, was found to predict intraoperative and medical complications as well as reinterventions after colorectal surgery. 24 In our series, body weight and surface area are indeed important for the development of WCs; however, when the location of incision is taken into account, female gender overshadows overall body weight. This finding is noteworthy as it helps identify a high-risk group of patientsdwomen with a gynoid shape who are undergoing a groin incisiondthat may benefit from prophylactic or adjunctive measures to decrease their chance for development of a WC. There are several limitations to this study. First, it is a retrospective analysis, albeit of prospectively collected data used for a previous randomized trial. No inclusion or exclusion criteria from the previous trial can be identified that would influence our results, but this does not preclude the possibility that some unknown selection criteria may have affected the current study. Furthermore, the initial prospective randomized trial from which the data were extracted was not powered to identify gender differences. As such, there was a disproportionate number of men in the study, almost certainly because one of the sites in that trial was a VA medical center. However, despite the original trial design, the current study did identify a positive result with regard to gender, indicating that the current study indeed had sufficient power to formulate conclusions related to gender. In addition, our results do not prove that body habitus affects WCs but merely suggest it because gender was used as a proxy for body fat distribution. This assumption is certainly a major limitation of this study. Future work including measurement of hip to waist ratios preoperatively, preoperative weight loss regimens, and interventions or adjunctive measures focused on groin incisions will help to better elucidate the true relationship between body habitus and WCs. Arguably, dehiscence should not have been included as an infectious WC because these patients had no overt wound drainage or erythema. Given this limitation, the multivariable analyses for infectious WCs were repeated after excluding patients with dehiscence, yet the same predictors were identified (data not shown). Finally, the cohort was heterogeneous because approximately 10% of patients included underwent EVAR as opposed to a conventional revascularization procedure. This introduces an additional complicating factor, namely, the orientation of groin incision, as presumably nearly all of the EVAR patients had a transverse groin incision, which can be associated with decreased WCs. As a result, however, these two variables (EVAR and transverse incision) are collinear such that separating them would not be statistically meaningful. In addition, a transverse EVAR incision is nonetheless a groin incision and therefore may carry an increased risk of WCs in obese patients. As such, the decision was made to include EVAR patients in the study cohort to explore how the location of incision interacts with gender, BMI, and body habitus. Also, confounding factors (ie, redo surgery) can be associated with the orientation of the groin incision, and thus its analysis should be done with caution. Last, the wound closure technique was at the discretion of the surgeon, which may confound an analysis of WCs. Future studies are needed to help elucidate wound closure technique with respect to the development of WCs.
CONCLUSIONS
This study reaffirms the overall high incidence of WCs after LEAS and the role of BMI in the development of WCs. Female gender, a potential surrogate for high hip to waist ratio body habitus, is an independent predictor of groin WCs, suggesting the clinical importance of gynoid vs android fat distribution with regard to surgical site. 
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